The main criterion for keeping a boar at an insemination station is the production of boar ejaculates containing a high quantity of spermatozoa with a high fertilization potential. The production of boar semen is affected by the biological value of the boar (22, 44) and by environmental factors (4, 46). As far as the biological value is concerned, the breed of the boar is considered to be of paramount importance (17, 36, 39, 45) as it has critical influence on most semen traits. The age of the animal also plays a role (20, 32, 38, 44) . Among the environmental factors, the most important are the rearing conditions coupled with an appropriate nutrition strategy. Currently, boars of sire breeds (lines) selected for commercial use as AI sires are subjected to reproductive, fattening and slaughter evaluation.
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The main criterion for keeping a boar at an insemination station is the production of boar ejaculates containing a high quantity of spermatozoa with a high fertilization potential. The production of boar semen is affected by the biological value of the boar (22, 44) and by environmental factors (4, 46) . As far as the biological value is concerned, the breed of the boar is considered to be of paramount importance (17, 36, 39, 45) as it has critical influence on most semen traits. The age of the animal also plays a role (20, 32, 38, 44) . Among the environmental factors, the most important are the rearing conditions coupled with an appropriate nutrition strategy. Currently, boars of sire breeds (lines) selected for commercial use as AI sires are subjected to reproductive, fattening and slaughter evaluation.
Recently, there have been reports of problems related to the deterioration of boar reproductive traits, such as reduced sexual activity and poor semen quality (2, 18, 19, 35) . There could be many reasons for that, e.g. excessive physiological burden associated with the fast growth rate resulting from intensive selection based on fattening and slaughter traits. The process of spermatogenesis can be affected deleteriously by other environmental factors, such as pesticides, exogenous female hormones and heavy metals, while positive effects may come from feed supplementation with, among others, carnitine, arginine, selenium and vitamin E. Administration of vitamins B12, B6 and PP contributes to increased sperm cell counts and improves their motility (23) . Importantly, the effectiveness of
Variability of semen in boars treated with vitamin C in food ration
antioxidants, such as vitamins C and E, glutathione and coenzyme Q10, in infertility treatment has been proven (37) . Boar sperm are highly sensitive to peroxidative damage due to the high content of unsaturated fatty acids in the phospholipids of the sperm plasma membrane (29) . The sperm cells' susceptibility to oxidant damage depends on the balance between the extent of pro-oxidant stress and the antioxidant levels present. Most antioxidants have a large number of alternation double bonds which can act as electron traps. Vitamin C (ascorbic acid) is one of the most common antioxidants. The common property it shares with the other antioxidants is its ability to inactivate toxic oxygen free radicals. As a free-radical scavenger, vitamin C can react directly with superoxide and hydroxyl anions, as well as various lipid hydroxyperoxides with and without enzyme catalysts. It is a chain-breaking antioxidant, indirectly scavenging oxygen free radicals by recycling tocopherol to the reduced form (1) . It is believed that vitamin C, as an antioxidant, might prevent the production of mutagenic electrophilic metabolites, and stimulate 7-a-hydroxylation of lipids and cholesterol nuclei, thus enhancing their degradation to bile acids, which could be excreted from the body (28) .
The appropriate amount of vitamin C supplied to the organism ensures the proper functioning of the nervous system, as this vitamin is used by the adrenals in the production of all adrenal hormones (most notably cortisol) that counteract stress. Intense stressful situations cause the precipitation of vitamin C, promote its excretion in body fluids and thus increase demand for this vitamin. In light of the above, a dietary supplementation of vitamin C with well-known antioxidant activity plays a key role in the inhibition of oxidative stress (11) , which disturbs proper functions of sperm cells and constitutes one of the causes of male infertility (16). Więckowski (43) recommends 2.0-2.5 g vitamin C daily per adult pig.
Of all species of farm animals, pigs synthesize the smallest amount of vitamin C (25) . In view of intensive production, stress and the widespread lack of vitamin C in the feed industry, it is advisable to add vitamin C to pig feed (43) . According Chinoy at al. (7), ascorbic acid deficiency caused deterioration in the reproductive performance of guinea pigs. Sönmez et al. (40) suggest that ascorbic acid supplementation improves reproductive traits of male rats, which is associated with high fertility. In the available literature, there is little data on the effect of vitamin C on these processes in boars.
The objective of the present study was to determine the effect of the administration of vitamin C, followed by its withdrawal, on selected physical and chemical characteristics of ejaculate collected from boars of the Duroc and Hampshire breeds as well as from Duroc × Hampshire crossbreds and Hampshire × Duroc crossbreds.
Material and methods
The study was conducted on a group of 2-year-old boars kept at an artificial insemination station. They were kept under the same housing (temperature and humidity), feeding and breeding conditions. The animals were fed a commercial full-ration diet in compliance with the norms, according to the Polish Swine Nutrition Requirements (33) . It was a diet completely free of vitamin C, as assayed according to the Roe and Kuether laboratory method modified by Dabrowski and Hinterleitner (9) . The animals were individually fed a commercial complete feed mixture for breeding boars. According to a laboratory analysis, the basic nutritional values of the complete feed mixture were as follows: 12 metabolisable energy (MJ), 177 g crude protein, 65.2 g crude fibre, 8.8 g calcium, and 7.7 g phosphorus per kg of the mixture. The composition of the premix per kg of the diet was the following: vitamin A -150 000 IU, vitamin D3 -20 000 IU, vitamin E -120 mg, vitamin K -2.25 mg, vitamin B1 -2.25 mg, vitamin B2 -6 mg, vitamin B6 -4.5 mg, vitamin B12 -37.50 mcg, biotin -480 mcg, niacin -30 mg, pantothenic acid -15 mg, folic acid -4.5 mg, choline chloride -420 mg, Fe -144 mg, Mn -76.8 mg, Zn -144 mg, Cu -25.73 mg, I -1.92 mg, Se -0.48 mg. The control group (C) consisted of Durocs (n = 4), Hampshires (n = 4), Duroc × Hampshire crossbreds (n = 4), and Hampshire × Duroc crossbreds (n = 4), from which ejaculates were collected every fourth day. The same group of animals made up the experimental groups: E1, E2, and E3. During the spring months, the boars in groups E1 and E2 were consecutively given vitamin C in tapering doses: 2.4 g/100 kg b.w./day was administered to E1 for 30 days, and then 1.3 g/100 kg b.w./day was supplied to E2 for another 30 days. Vitamin C supplementation in group E3 was ceased. Group E3 was formed of the same animals in order to determine why further increase in the ascorbic acid level in boar blood plasma after the cessation of exogenous vitamin C supply had an effect on semen quantity and quality. To ensure the administration of a vitamin C dose required in the study, the animals were housed in individual pens and received vitamin C in a small feedstuff portion placed in the empty trough before the full-feed ration was given. During the period of boars' saturation with vitamin C, in group E1, ejaculates were collected every fourth day, starting on the 14 day of vitamin administration, which, according to Więckowski (43) , is the time of full saturation with vitamin C. In group E2, ejaculates were also collected every fourth day after 14 days of vitamin administration. Fourteen days after the cessation of vitamin C supply, ejaculates were recollected from E2 boars and group E3 was formed of these boars. A total of 256 ejaculates were collected from all boars (from 4 animals of each breed group under study) during the spring months. The experimental design is presented in Tab. 1.
The semen was collected by the gloved-hand technique into a plastic collector (bag) with the possibility to separate the gelatinous fraction from the liquid part of the ejaculate. Immediately after collection, the volume of semen was measured with a scalar cylinder. The concentration of sperm was evaluated with a Sperma Cue device (Model 12300/0500, Minitube International, Verona, USA). On the basis of semen volume and sperm concentration, the total number of sperm in the ejaculate was calculated. The vitality of the sperm was measured by a simple method developed for commercial piggery laboratories, based on the observation of motile spermatozoa under the microscope without the addition of chemical reagents. In native semen, the percentage of motile spermatozoa was determined microscopically. The proportion of correctly motile spermatozoa in the total number of visible spermatozoa was determined (5) . Then, the percentage of motile spermatozoa and the total number of spermatozoa were multiplied to obtain the total number of motile spermatozoa. Immediately after the assessment, semen was diluted with a short-term BTS boar semen extender (Ver. 13525/0100 Antibiotic free, Minitube International, Verona, USA).
The ejaculates were evaluated to determine the following physical traits: ejaculate volume, concentration of spermatozoa counted microscopically by means of cell-counting chambers, percentage of progressively motile spermatozoa, total ejaculate sperm count, and the number of insemination doses per ejaculate. The ejaculate volume was determined on the basis of ejaculate weight measured with electronic scales. The sperm concentration in the ejaculates was determined by a photometric method with a SmartSpec TM 3000 (Bio-Rad) spectrophotometer. The percentage of adequately motile spermatozoa was determined microscopically. The percentage share of correctly motile spermatozoa in the total number of spermatozoa visible within the scope was determined at approximately 200 × fold magnification. The total number of spermatozoa with correct motility and the number of insemination doses obtained from one ejaculate were calculated using the SYSTEM SUL v. 6.35 computer program. Shortly afterwards, the ejaculates were also examined for pH and alkaline phospahatase (ALP) activity using a Cormay Plus device with ready-to-use Cormay test kits.
The results were analyzed statistically by analysis of variance (Statystyka 5.0) according to the following model: Y = µ + a i + b j + e ijk , where: Yij -value of the characteristic examined, µ -population mean, a i -the effect of vitamin C, b j -boar breed effect, e ijk -error. The significance of inter-group differences was verified by Duncan's test at P ≤ 0.05 and P ≤ 0.01.
Results and discussion
The research studies indicate that the vitamin C dose significantly differentiated the volume of boar ejaculate (Tab. 2, 3) . The volume of ejaculate from Durocs and Duroc × Hampshire crosses in groups E1, E2 and E3
was significantly (at P ≤ 0.01) higher than that from the control animals (group C). In the case of Hampshires and Hampshire × Duroc crosses, statistically significant differences (at P ≤ 0.01) were noted between groups C and E3. The highest increase (by 69.15 ml) in ejaculate volume was determined in Hampshire × Duroc crossbreds in group E3 (Tab. 2, 3) . The greatest increase (by 24.78 billion) in the number of spermatozoa in total ejaculate was found in Hampshires in E3. Changes in sperm count in a single insemination dose were the largest (max. increase of 1.49 billion) for Durocs in group E1, and they were statistically significant (P ≤ 0.01). Vitamin C supplementation improved the percentage of spermatozoa with progressive motility in most experimental groups. Only in the case of Durocs, the percentage of sperm cells with progressive motility was smaller in group E2 than it was in C, but the difference was not statistically significant. The highest increase in this parameter (by 17.50%), compared with its value in group C, was determined in Hampshire boars in E3. A significant (P ≤ 0.01) differentiation in the number of semen doses was noted in Hampshires in groups E1, E2, and E3, in Durocs in E1 and E3, and in both Duroc × Hampshire and Hampshire × Duroc crossbreds in E3. The greatest statistically significant improvement in this respect was noted in Durocs in E1 (increase by 8 doses), followed by Duroc × Hampshire crossbreds in E3 (increase by 5.52 doses). Additionally, an increase in the ejaculate pH value was observed in boars supplied with vitamin C at a dose of 2.4 g/100 kg b.w./day (E1) as well as in group E3 (Tab. 4). The most pronounced pH value increase (by 0.39 unit) was found in the ejaculate of Hampshire × Duroc crossbreds in E1. Regarding alkaline phosphatase activity in all experimental groups, as compared with control, this parameter showed an upward trend. Its increase ranged from 3070 U/l in Hampshire boars in E2 up to 18 010 U/l in Durocs in E1.
AI plays an important role in animal breeding by increasing the use of genetically superior sires (27, 39) . Basic semen traits that affect the profitability of an AI center are volume, sperm concentration, and gross sperm morphology (30) . Sperm cell concentration in 1 ml of ejaculate varied subject to the vitamin C amount supplied to the animals and the intensity of the process of vitamin C autosynthesis in the body (Tab. 2, 3) . Increasing the number of viable sperm cells has important practical consequences for artificial insemination (3). The number of insemination doses is of primary economic importance, since the higher number of usable insemination doses means lower of spermatozoa with progressive motility, providing sperm cells with greater amount of energy generated, according to Stryer et al. (41) , in the process of glucose conversion into fructose in male semen under the influence of ALP. Stryer et al. point out that the activation of enzyme reactions in the accessory gland tissues triggers the conversion of glucose into fructose. A key role in this process is attributed to alkaline phosphatase found in seminal vesicle secretion which, as was demonstrated (41), breaks down phosphohexoses to phosphoric acid and free fructose. The breakdown of fructose, that is, fructolysis, is considered the most vital process providing the energy indispensable for sperm cell motility. It should be noted that only mammals are able to use fructose as the major source of energy in this process (41) . Therefore, alkaline phosphatase present in ejaculate proves to be one of the main enzymes providing energy to spermatozoa. The activity of ALP changes subject to, among others, the duration of daylight, which was highlighted by Kozdrowski and Dubiel (22) . The present study shows that vitamin C may be another agent that elevates ALP activity, and, as the research findings demonstrate, a dose of this vitamin elicits different levels of ALP activity (Tab. 4). Likewise, the withdrawal of vitamin C from the boars` diet in group E3 contributed to the growing activity of ALP, most probably by stimulating the autosynthesis of this vitamin, as observed by Więckowski (43) and Lechowski (26) . Studies conducted by Lechowski (26) showed that on day 14 after cessation of vitamin C supplementation, there was an elevated activity of L-gulono-gamma-lactone oxidase enzyme involved in the final stage of L-gulono-gamma-lactone conversion into ascorbic acid in its biosynthesis. Importantly, the increase in the activity of this enzyme is concurrent with the decrease in vitamin C content in tissues and organs, which, as Lechowski (26) reports, results from the absence of vitamin C supply from an exogenous source. In addition, this author highlights a feedback mechanism between enzyme activity and product concentration, i.e. an excessive accumulation of the synthesis product inhibits enzyme activity in this process. Hence, high dietary doses of vitamin C have a stimulating effect: in the first stage, enzyme activity is inhibited, whereas in the following stage, after vitamin C has been withdrawn and its level in the body has decreased, the activity of L-gulono-gammalactone oxidase enzyme is increased. As Lechowski (26) suggests, the mechanism outlined above is likely to become activated in order to compensate for the difference between the higher level of vitamin C solidified in the body after long-term administration and its decrease after supplementation has stopped. Lin et al. (27) and Close and Cole (8) found that a vitamin C dietary additive improved to some extent the quality of boar semen in periods of repeated high ambient temperatures. Similarly, Ivos et al. (14) associate an increased gilt conception rate in summer with increased vitamin C supplementation. According to Yousef et al. (47) , a combination of ascorbic acid and vitamin E effectively reduces the production of free radicals and thus improves semen quality. Greer et al. (12) , in studies conducted at 5 different farms where vitamin C (4 g, unit/day) was supplied to a half of gilts and boars in the summer season, did not note any marked improvement in gilt performance. Jacyno et al. (15) pointed out that vitamin C affects L-carnitine synthesis, which in turn has positive effect on all semen traits analyzed. The analysis of the present research results indicates that vitamin C has direct and indirect influence on these parameters.
Vitamin C supplied to boars in the experimental groups, significantly differentiated most semen parameters, increasing their values, compared with those in the control group, with the highest increase recorded in group E1. The reduction of the vitamin C dose decreased the value of each ejaculate parameter in group E2 compared with group E1. The cessation of vitamin C administration to group E3 caused an increase in all semen quality parameters for boars in this group. The higher activity of alkaline phosphatase in seminal vesicle secretion, which was observed in the experimental groups, provided more energy for spermatozoa and contributed to the rising percentage of progressively motile sperm cells. The inclusion of vitamin C in the feed rations of boars in all experimental groups affected the increase in semen pH values. The results of the present study show the importance of the dietary supply of vitamin C for a significant boost in boar fertility.
